Abstract: Agaricus bisporus can enhance the umami and salty taste in chicken soup, and also has a high protein content, which indicates that there might be some kokumi taste compounds in this mushroom. Therefore, through ultrafiltration, gel permeation chromatography (GPC), and reverse phase-high performance liquid chromatography (RP-HPLC), some peptides in fresh Agaricus bisporus mushroom were isolated. Then, these peptides were identified by sensory evaluation and ultra performance liquid chromatography (UPLC) coupled quadruple time of flight mass spectrometry (Q-TOF-MS). The sensory evaluation results showed that the addition of aqueous extract isolated from Agaricus bisporus to model chicken broth did enhance chicken broth's complexity, mouthfulness, and palatability. UPLC-Q-TOF-MS analysis found that Gly-Leu-Pro-Asp (Mw = 399.99) and Gly-His-Gly-Asp (Mw = 383.99) might act as key molecules to cause kokumi taste. In order to verify the kokumi taste of the above two peptides, they were synthesized by solid-phase synthesis and the taste properties of these two peptides were further characterized by descriptive sensory evaluation and taste intensity tests. This work indicated that it was feasible to produce kokumi peptides from Agaricus bisporus.
Introduction
Mushrooms often have good textures and flavors, and have been used as foods for many centuries. Because of their taste and nutritious value, mushrooms were widely used in the formulations of soups, stews, and sauces, as well as other savory dishes. In particular, the umami-like taste of mushrooms would impart palatability, complexity, and rich mouthfeel to culinary products [1] .
To our best knowledge, sweet, sour, bitter, salt, and umami are the five fundamental tastes, contributing to the palatability of foods. However, kokumi is a sort of taste that differs from all five basic tastes, and is described by flavor characteristics such as mouthfulness, complexity, and continuity [2] . Kokumi taste substances have slight taste or even no taste by themselves, but they can enhance the flavor of the basic tastes, such as sweet, salty, and umami [3] . It was reported that various peptides, such as glutathione; γ-Glu-Val-Gly; and some γ-glutamyl di-and tri-peptides isolated from cheese, edible beans, soy sauce, and yeast extract, have kokumi tastes [4] [5] [6] [7] .
Fresh Agaricus bisporus was cleaned and the stalk was cut. The crude samples (1.2 kg) were sliced up and put in deionized water at a ratio of 1:1 (w/w). Processed samples were cooked for 120 min by autoclave (50YC16, SUPOR Electric Appliance Co., Ltd., Hangzhou, Zhejiang, China) at 40 kPa, 109.61 • C. Then, the samples were filtered with double gauze and the aqueous phase was obtained. The residue was re-extracted with water (1000 mL) at room temperature for 4 h. The aqueous phase was combined and centrifuged at 9338× g, 4 • C for 15 min. The supernatant (2.8 L) was concentrated to 0.6 L by a rotary vacuum evaporator (RE5210, Shanghai Ya Rong biochemical instrument factory, Shanghai, China) and lyophilized for 24 h by vacuum freeze dryer (LGJ-10, Beijing Bio Cool Experimental Instrument Co., Ltd., Beijing, China).
Ultrafiltration and Nanofiltration of the WSE
In order to protect the membrane module from scratching, the WSE of Agaricus bisporus was dissolved in deionized water and pre-filtered with a 0.45 µm cellulose membrane. The pre-filtered solution was fractioned into two fractions using the ultrafiltration membrane (Shanghai Mosu Science Equipment Co., Ltd., Shanghai, China) HPS-3 (cut-off Mw = 3 kDa) under a pressure of 0.2 MPa. The fraction of molecular weight (Mw) < 3000 Da was processed by a nanofiltration membrane NF-1812 (cut-off Mw = 300 Da) under a pressure of 0.45 MPa. Ultrafiltration and nanofiltration were operated at room temperature (~25 • C). Finally, three fractions were achieved, namely, fraction U-I, Mw ≥ 3000 Da; fraction U-II, 300 Da ≤ Mw < 3000 Da; and fraction U-N-III, Mw < 300 Da. The three fractions were concentrated by a rotary vacuum evaporator, and then lyophilized for 24 h by vacuum freeze dryer (LGJ-10, Beijing Bio Cool Experimental Instrument Co., Ltd., Beijing, China).
According to the kokumi intensity perceived by sensory evaluation, Fraction F5 was selected and underwent further separation using an HPLC system coupled with a reverse-phase C18 column (250 × 10 mm, pursuit 5, Varian, Palo Alto, CA, USA). The mobile phase was monitored at 220 nm and consisted of 20% solvent A (acetonitrile) and 80% solvent B (water) at a flow rate of 3 mL/min. Total subfractions collected from F5 were S5.1-S5.4. All subfractions were liberated from solvent by lyophilization.
Separation and Identification of Kokumi Peptides in S5.1 by Ultra Performance Liquid Chromatography (UPLC)-Quadruple Time of Flight Mass Spectrometry (Q-TOF MS)
The identification of kokumi peptide in S5.1 was performed with a Waters Synapt Q-TOF MS (Milford, MA, USA) apparatus connected to an Acquity UPLC system, which was equipped with an automatic sampler (5 cm × 2.1 mm, 1.7 µm, Waters Acquity C18 column) and a binary solvent-delivery system, operating in electrospray ionization (ESI + ) mode. The injection volume was 10 µL. The two kinds of mobile phases were elution A: Water/acetonitrile (v/v, 100/0.1) and elution B: Water/formic acid (v/v, 100/0.1). The program of gradient elution was performed as follows: 0-2 min: 0% A, 100% B; 2-3 min: 10% A, 90% B; 3-10 min: 100% A, 0% B. The flow rate was 0.3 mL/min. TOF-MS parameters were set as follows: Capillary voltage 3.2 Kvolts, cone voltage 20 Kvolts, source temperature 100 • C, desolvation temperature 400 • C. The dates were collected from m/z 20 Da to 1000 Da.
Solid Phase Synthesis of Target Peptides
The two target peptides were prepared by the solid phase synthesis method. The specific conditions were as follows: Venusil XBP C18 column (4.6 × 250 mm, 5 µm); injection volume: 20 µL, flow rate: 1.0 mL/min, detection wavelength: 220 nm. Two kinds of eluent were used as the mobile Then, we identified the two synthetic peptides to make sure they were exactly the peptides we wanted using mass spectrometer (ZQ2000; Water). The specific detecting conditions were as follows: probe: ESI + ; capillary voltage: 3.0 Kvolts; cone voltage: 50 Kvolts; extractor voltage: 5 Kvolts; desolvation temperature: 350 • C. If the MS spectra showed that the mass-to-charge ratio of the products was the same as that of our target peptides, then we could ensure that the synthetic peptides were successfully prepared.
Sensory Evaluation

Training of Sensory Evaluation Panelists
The method of sensory evaluation was used according to Dunkel et al., with slight modifications [4] . The sensory evaluation panel was consisted of twenty members (ten men and ten women, aged 23-32 years), who had no experience of ageusia or taste disorders. Standard taste compounds dissolved in deionized water for training were used as follows: Citric acid (50 mmol/L, sour), sucrose (50 mmol/L, sweet), sodium chloride (25 mmol/L, salty), monosodium glutamate (3 mmol/L, umami), caffeine (1 mmol/L, bitter), and model chicken broth and the model chicken broth with 5 mmol/L reduced glutathione (kokumi). The panel was trained over two-week intervals for one year; therefore, everyone on this panel could sensitively recognize and distinguish different qualities of taste sensation. All panelists were trained in the separate sensory booths room at 20 ± 1 • C.
Analysis of Taste Property
The lyophilized samples of WSE of Agaricus bisporus, ultrafiltration, and nanofiltration fractions, as well as GPC fractions and HPLC subfractions, were all dissolved in both deionized water and model chicken broth, respectively, and the pH value was adjusted to 6.5 with 0.2 M citric acid or 0.2 M sodium bicarbonate solution. These prepared solutions and model chicken broth were presented to the sensory evaluation panel, who were asked to describe the taste property or judge the intensity of kokumi (mouthfulness, complexity, continuity, etc.). The scale of the intensity was from 0 (not detected) to 5 (intensively perceived).
Sensory Evaluation of Synthetic Peptides and Their Corresponding Amino Acids Mixture
The method of sensory evaluation was used according to Frank et al., with slight modifications [12] . The target peptides were prepared as a series of solutions in model chicken broth with different concentrations (w/w); namely, 0.50%, 0.25%, 0.10%, 0.08%, and 0.05%. These prepared solutions and blank model chicken broth were presented to sensory evaluators, who were asked to describe the taste properties of the two peptides in chicken broth.
The taste characteristics of peptide and its mass-equivalent free amino acid mixture in water and chicken broth were analyzed and described. Then, we judged the intensity of sour, sweet, bitter, salty, umami, and kokumi taste, respectively. A five-point scale method was used in this study, that is, the scale of intensity was from 0 (no sensation) to 5 (intensively perceived).
Statistical Analysis
Sensory evaluation data were processed by one-way analysis of variance (ANOVA) to distinguish significant differences (p < 0.05) between various fractions and samples. 
Results and Discussion
Sensory Properties of WSE
Kokumi substances could contribute to the sensations of mouthfulness, complexity, and continuity when added to umami foods, while a solution of kokumi alone will not show these characteristics. Therefore, samples were evaluated in both distilled water and model chicken broth, respectively. The results of sensory evaluation indicated that WSE exhibited continuity, mouthfulness, complexity, and flavor-enhanced properties when added to a model chicken broth at a concentration of 1% (w/w).
Then, the WSE of Agaricus bisporus was separated by ultrafiltration and nanofiltration. The fraction U-II (300-3000 Da) imparted the kokumi taste when added to a model chicken broth at a concentration of 1% and displayed a stronger umami taste and slight bitter and astringent taste when added to water, while U-I had slight umami and bitter taste, and U-N-III had a salty and umami taste in water. Both failed to exhibit any kokumi taste in chicken broth under the same concentration (Table 1) . On the basis of sensory evaluation, it can be considered that the fraction U-II can impart the kokumi sensation-continuity, mouthfulness, complexity, and flavor-enhanced effects. 
The Amino Acid Contents Analysis of Fraction U-I, U-Ii, and U-N-Iii
The free amino acids (A) and total amino acids (B) of fraction U-I, U-II, and U-N-III were analyzed and amino acids in peptides (Table 2) were calculated (B minus A). From the analysis results, it could be seen that the amino acid content in peptide of fraction U-II (100.60 mg/g) was much higher than that of the other two (U-I: 53.57 mg/g; U-N-III: 48.67 mg/g), and its umami amino acids (50.31 mg/g) and sweet amino acids (24.6 mg/g) were the largest components relatively, which might be the key components that led to the kokumi taste of U-II in chicken broth.
As taste-active peptides referred to some low-molecular-weight oligopeptides, it was indicated that fraction U-II might contain some oligopeptides. Taste-active low-molecular-weight component played an important role in the aspect of enhancing flavors in various foods [13] [14] [15] . In addition, substances such as beans, yeast extract, shrimp paste, scallops, and soy sauce were reported to be sources of kokumi peptide, which also contained umami amino acids (Glu, Asp) and sweet amino acids (Gly, Ala). Therefore, it was speculated that the peptides in fraction U-II might have a strong sense of kokumi taste, so further separation of fraction U-II was done.
GPC Separation and Sensory Evaluation of Fraction U-II
Fraction U-II was separated by Sephadex G-15, and then five sub-fractions, F1, F2, F3, F4, and F5, were collected respectively, as shown in Figure 1 . The five sub-fractions were also analyzed for their kokumi tastes in water and model chicken broth at the concentration of 1%. Interestingly, F5 exhibited the highest kokumi taste activity, such as mouthfulness, complexity, and continuity, in model chicken broth, and displayed significant differences (p < 0.05) in salty and umami solutions to the other four fractions (Figure 2 ). As taste-active peptides referred to some low-molecular-weight oligopeptides, it was indicated that fraction U-II might contain some oligopeptides. Taste-active low-molecular-weight component played an important role in the aspect of enhancing flavors in various foods [13] [14] [15] . In addition, substances such as beans, yeast extract, shrimp paste, scallops, and soy sauce were reported to be sources of kokumi peptide, which also contained umami amino acids (Glu, Asp) and sweet amino acids (Gly, Ala). Therefore, it was speculated that the peptides in fraction U-II might have a strong sense of kokumi taste, so further separation of fraction U-II was done.
Fraction U-II was separated by Sephadex G-15, and then five sub-fractions, F1, F2, F3, F4, and F5, were collected respectively, as shown in Figure 1 . The five sub-fractions were also analyzed for their kokumi tastes in water and model chicken broth at the concentration of 1%. Interestingly, F5 exhibited the highest kokumi taste activity, such as mouthfulness, complexity, and continuity, in model chicken broth, and displayed significant differences (p < 0.05) in salty and umami solutions to the other four fractions (Figure 2 ).
To further confirm the effect of kokumi taste of F5, the taste interaction between F5 and 1.0% sodium chloride or 0.5% MSG solution were investigated. One percent F5 was added to 1.0% sodium chloride and 0.5% MSG solution, respectively, so as to compare the changes of salty and umami intensity by sensory evaluation. The results showed that after F5 was added, salty intensity was improved from 1.9 to 2.6 and umami intensity was improved from 2.5 to 3.2, respectively, which was consistent with other results in the literature [3, 16] . The different letters in the same group represent that there are significant differences at the level of p < 0.05, and the same letters represent no significant difference.
RP-HPLC Fractionation and Sensory Evaluation
To decrease the complexity of the GPC isolated kokumi taste fractions, F5 was further separated by HPLC using a C-18 semi-preparative column. From this HPLC separation, five fractions were obtained (Figure 3 ), but S5.4 and S5.5 were not separated. The five fractions were analyzed for their kokumi tastes, and the fraction with the highest kokumi intensity was S5.1, according to the sensory evaluation. 
Identification of Kokumi Peptides in S5.1
As the highest kokumi taste fraction, S5.1 was identified by UPLC-Q-TOF MS. The data revealed that the compounds with kokumi taste were recognized as Gly-Leu-Pro-Asp (Figure 4a ) and Gly-His- The different letters in the same group represent that there are significant differences at the level of p < 0.05, and the same letters represent no significant difference.
To further confirm the effect of kokumi taste of F5, the taste interaction between F5 and 1.0% sodium chloride or 0.5% MSG solution were investigated. One percent F5 was added to 1.0% sodium chloride and 0.5% MSG solution, respectively, so as to compare the changes of salty and umami intensity by sensory evaluation. The results showed that after F5 was added, salty intensity was improved from 1.9 to 2.6 and umami intensity was improved from 2.5 to 3.2, respectively, which was consistent with other results in the literature [3, 16] .
RP-HPLC Fractionation and Sensory Evaluation
To decrease the complexity of the GPC isolated kokumi taste fractions, F5 was further separated by HPLC using a C-18 semi-preparative column. From this HPLC separation, five fractions were obtained (Figure 3 ), but S5.4 and S5.5 were not separated. The five fractions were analyzed for their kokumi tastes, and the fraction with the highest kokumi intensity was S5.1, according to the sensory evaluation.
Identification of Kokumi Peptides in S5.1
As the highest kokumi taste fraction, S5.1 was identified by UPLC-Q-TOF MS. The data revealed that the compounds with kokumi taste were recognized as Gly-Leu-Pro-Asp (Figure 4a ) and Gly-His-Gly-Asp (Figure 4b ). The flavors of peptides were influenced by the chain-length of peptides, and the type, sequence, and spatial structure of amino acids. Ohsu et al. studied the mechanism of kokumi, and indicated that some γ-Glu peptides, such as γ-Glu-Val-Gly, γ-Glu-Cys-Gly, and γ-Glu-Val, could elicit the kokumi taste by calcium-sensing receptor agonist [17] . Wang et al. reported that peptides with acidic amino acids such as Asp and Glu may elicit the kokumi taste in foods [18] . Both of the peptides obtained from this study contained Asp and Gly in the two terminals of the peptide chains. Some previous studies characterized kokumi taste peptides as having Asp, Gly, Glu, and Gln in their sequences [19] [20] [21] , which was in agreement with the results of the present study. Dunkel et al. isolated various γ-Glutamyl peptides with kokumi taste from edible beans [4] . The absence of Glu in the peptides isolated in this study also resulted in kokumi taste. Similarly, a heptapeptide isolated from cultured puffer fish without Glu in its sequence also contributed to kokumi taste [22] . Therefore, the new peptides with Gly and Asp in their sequence were considered as contributors to the kokumi taste.
To decrease the complexity of the GPC isolated kokumi taste fractions, F5 was further separated by HPLC using a C-18 semi-preparative column. From this HPLC separation, five fractions were obtained (Figure 3) , but S5.4 and S5.5 were not separated. The five fractions were analyzed for their kokumi tastes, and the fraction with the highest kokumi intensity was S5.1, according to the sensory evaluation. 
As the highest kokumi taste fraction, S5.1 was identified by UPLC-Q-TOF MS. The data revealed that the compounds with kokumi taste were recognized as Gly-Leu-Pro-Asp (Figure 4a ) and Gly-His- Gly-Asp (Figure 4b ). The flavors of peptides were influenced by the chain-length of peptides, and the type, sequence, and spatial structure of amino acids. Ohsu et al. studied the mechanism of kokumi, and indicated that some γ-Glu peptides, such as γ-Glu-Val-Gly, γ-Glu-Cys-Gly, and γ-Glu-Val, could elicit the kokumi taste by calcium-sensing receptor agonist [17] . Wang et al. reported that peptides with acidic amino acids such as Asp and Glu may elicit the kokumi taste in foods [18] . Both of the peptides obtained from this study contained Asp and Gly in the two terminals of the peptide chains. Some previous studies characterized kokumi taste peptides as having Asp, Gly, Glu, and Gln in their sequences [19] [20] [21] , which was in agreement with the results of the present study. Dunkel et al. isolated various γ-Glutamyl peptides with kokumi taste from edible beans [4] . The absence of Glu in the peptides isolated in this study also resulted in kokumi taste. Similarly, a heptapeptide isolated from cultured puffer fish without Glu in its sequence also contributed to kokumi taste [22] . Therefore, the new peptides with Gly and Asp in their sequence were considered as contributors to the kokumi taste. 
Descriptive Sensory Evaluation of Synthetic Peptides
The two peptides were prepared by solid phase synthesis. The taste properties of the synthetic peptides in model chicken broth were described (Table 3) . Both peptides showed kokumi taste characteristics such as mouthfulness, continuity, and complexity in chicken broth. Both peptides introduced umami and salty enhancement in chicken broth. In addition, synthetic peptides and the glutathione all showed a sour taste in chicken broth, which might be caused by residues of aspartic acid in the synthetic peptides and the presence of glutamate residues in glutathione standard. Table 3 . Sensory evaluation of peptides by solid phase synthesis in chicken broth.
Samples
Taste Properties Blank chicken broth Moderate umami; slight salty; light aftertaste; short lasting time Blank chicken broth + Glutathione standard Slight sour; enhanced umami and salty; a strong sense of mouthfulness and continuity 
Descriptive Sensory Evaluation of Synthetic Peptides
The two peptides were prepared by solid phase synthesis. The taste properties of the synthetic peptides in model chicken broth were described (Table 3) . Both peptides showed kokumi taste characteristics such as mouthfulness, continuity, and complexity in chicken broth. Both peptides introduced umami and salty enhancement in chicken broth. In addition, synthetic peptides and the glutathione all showed a sour taste in chicken broth, which might be caused by residues of aspartic acid in the synthetic peptides and the presence of glutamate residues in glutathione standard. Blank chicken broth + Gly-His-Gly-Asp Sour; a strong sense of umami; thickness and complexity; obvious punch on mouth; slightly enhanced salty Blank chicken broth + Gly-Leu-Pro-Asp Sour; overall taste similar to the standard; obvious kokumi taste
Sensory Evaluation of Synthetic Peptides and Their Corresponding Amino Acids Mixture
In order to further verify that the taste of peptides is not a taste superposition of their corresponding amino acids, the taste properties of synthetic peptides and their corresponding amino acid mixtures in water and chicken broth were compared with each other.
Gly-His-Gly-Asp showed an astringent and bitter taste in water, while Gly, His, and Asp mixture showed umami, sweet, and sour tastes, respectively, in water. Gly-Leu-Pro-Asp exhibited an astringent and sour taste in water, while Gly, Leu, Pro, and Asp mixture exhibited umami, sweet, bitter, and sour tastes, respectively, in water.
As seen in Figure 5 , Gly-Leu-Pro-Asp showed a strong umami, salty, and kokumi taste in chicken broth, while its amino acid mixture exhibited umami, salty, and sour tastes, but no kokumi taste, in chicken broth. The synthetic peptide and its amino acid mixture in chicken broth showed quite significant differences in umami, salty, sour, and sweet intensity, but their bitter intensity was relatively low with no significant difference. Thus, it was found that Gly-Leu-Pro-Asp in chicken broth with kokumi taste was quite different from that in water. However, the taste characteristics of its amino acid mixture in chicken broth were basically consistent with those in water. 
As seen in Figure 5 , Gly-Leu-Pro-Asp showed a strong umami, salty, and kokumi taste in chicken broth, while its amino acid mixture exhibited umami, salty, and sour tastes, but no kokumi taste, in chicken broth. The synthetic peptide and its amino acid mixture in chicken broth showed quite significant differences in umami, salty, sour, and sweet intensity, but their bitter intensity was relatively low with no significant difference. Thus, it was found that Gly-Leu-Pro-Asp in chicken broth with kokumi taste was quite different from that in water. However, the taste characteristics of its amino acid mixture in chicken broth were basically consistent with those in water. The different letters in the same group represent that there are significant differences at the level of p < 0.05, and the same letters represent no significant difference.
It was seen from Figure 6 that Gly-His-Gly-Asp showed a strong umami, salty, sour, and kokumi taste in chicken broth, while its amino acid mixture exhibited umami and sour taste without showing kokumi taste in chicken broth. This synthetic peptide and its amino acid mixture in chicken broth showed dramatically significant differences in umami and salty intensity. Furthermore, their sour intensity was high, while their bitter intensity was low, and they both showed certain sweetness in chicken broth with no significant difference. It was thus indicated that Gly-His-Gly-Asp in chicken broth with obvious kokumi taste was quite different from that in water. The taste characteristics of amino acid mixture in chicken broth were basically consistent with those in water. The different letters in the same group represent that there are significant differences at the level of p < 0.05, and the same letters represent no significant difference.
It was seen from Figure 6 that Gly-His-Gly-Asp showed a strong umami, salty, sour, and kokumi taste in chicken broth, while its amino acid mixture exhibited umami and sour taste without showing kokumi taste in chicken broth. This synthetic peptide and its amino acid mixture in chicken broth showed dramatically significant differences in umami and salty intensity. Furthermore, their sour intensity was high, while their bitter intensity was low, and they both showed certain sweetness in chicken broth with no significant difference. It was thus indicated that Gly-His-Gly-Asp in chicken broth with obvious kokumi taste was quite different from that in water. The taste characteristics of amino acid mixture in chicken broth were basically consistent with those in water. In summary, the taste characteristics of the two peptides in water were different from their corresponding mass-equivalent amino acid mixture. The taste characteristics of the amino acid mixture showed a superposition of its individual amino acid taste, but the peptides in water showed their own different taste properties. The two peptides both exhibited a strong kokumi taste in chicken broth, and their amino acid mixtures only showed weak basic taste in chicken broth.
Conclusions
(1) WSE of Agaricus bisporus was isolated and purified by ultrafiltration, nanofiltration, GPC Sephadex G-15, and RP-HPLC. S5.1, with the highest intensity of kokumi taste, was identified by UPLC-Q-TOF MS. Two peptides, Gly-Leu-Pro-Asp and Gly-His-Gly-Asp, in S5.1 were considered as important contributors to the kokumi taste, that is, mouthfulness, complexity, and continuity.
(2) These two peptides were prepared by solid-phase synthesis. The kokumi taste of these two peptides was confirmed by descriptive sensory evaluation. The two kokumi peptides could increase salty and umami intensity when added to chicken broth. Therefore, we could apply them to condiment, adding less salt and MSG to achieve the same level of salty and umami effect. This application will cause people's diets to become much healthier than before.
